Isolates carrying the 540A (172K) mutation are in boldface, and H7N9 viruses are shown in red. Node branches highlighted in blue indicate clades with the 540A (172K) mutation, except for a few that are 540G (172E). Trees were constructed using the neighbour-joining method with the Tamura-Nei model of nucleotide substitution in the MEGA program (version 5.05). Numbers below or above branches represent the bootstrap value (percentages) from 1000 replicates, to evaluate the reliability of the phylogenetic tree. (b) G540A nucleotide substitution in NS segment enhances replication of virus carrying H9N2-NS in human lung carcinoma cell line. Reassortant viruses containing WSN backbones (PB2, PB1, PA, HA, NP, NA and M) and NS from H7N9 virus or NS (WT or G540A) derived from H9N2 virus (A/Hong Kong/3239/2008, accession no: CY055160) were rescued by reverse genetics techniques. A549 cells were infected with these RG viruses at an MOI of 0.01. Supernatants were harvested at the indicated time points and the viruses present in supernatants titrated by plaque assay. The error bars represent mean ± SD (n = 3). (c) A540G, but not C539U, nucleotide substitutions in NS segment cause attenuated replication of virus in human lung carcinoma cell line. Reassortant viruses containing WSN backbones (PB2, PB1, PA, HA, NP, NA and M) and NS (WT or mutant, as indicated) derived from H7N9 virus were rescued by reverse genetics techniques. A549 cells were infected with these RG viruses at a multiplicity of infection (MOI) of 0.01. Supernatants were harvested at the indicated time points and the viruses present in supernatants titrated by plaque assay. The error bars represent mean ± SD (n = 3). Figure 3 . G540A substitution in the NS gene ESE affects the ratio of NS1 to NEP mRNAs without changing RNA stability. (a) Total RNAs of HEK293T cells transfected with pHW2000-H7N9-NS or pHW2000-H7N9-A540G were isolated and analyzed by RT-qPCR for the ratio of NEP to NS1 mRNA. The error bars represent mean ± SD (n=3). Statistical significance was analyzed by the Student's t-test: ** p<0.01. (b) A549 cells infected with rH9N2-WT or rH9N2-NS-A540G at an MOI of 5 were treated with 10 μg/mL Actinomycin D (AcD) at 5 hr post-infection. Total RNA was extracted at indicated time points after AcD treatment. The abundance of NS1 and NEP mRNAs was measured by RT-qPCR and normalized to that of Rpl32 mRNA. Linear regression was used to compare the slopes. The error bars represent mean ± SD (n=3). ns=not significant. (c) Total RNA of A549 or DF-1 cells infected with rH9N2-WT or rH9N2-NS-A540G viruses at an MOI of 1 was isolated and analyzed by RTqPCR to determine the ratio of NEP to NS1 mRNA. The error bars represent mean ± SD (n=3). Figure 5 . (a) NS1-R38A/K41A mutant cannot interact with SF2. Whole cell lysates of HEK293T cells transfected with FLAG-SF2 or FLAG-SF2-F162S/V163R, together with V5-NS1, V5-NS1-R38A, V5-NS1-K41A or V5-NS1-R38A/K41A were subjected to IP with α-V5, followed by immunoblotting with Abs against FLAG, V5 and α-tubulin. (b) K172E does not affect the interaction between SF2 and NS1. Whole cell lysates of HEK293T cells transfected with FLAG-SF2 and V5-NS1, V5-NS1-K172E or V5-NS1-R38A/ K41A (38/41A) were subjected to IP with α-V5, followed by IB with Abs against FLAG and V5. (c) Subcellular localization of the BiFC NS1-SF2 complex. HEK293T cells were transfected with NS1-NG/SF2-CG or NG/CG combinations of plasmids for BiFC. Cells were fixed at 24 hr post-transfection and stained with DAPI. Images were acquired by confocal microscopy. Scale bar, 10 μm. (d) NS1 co-localizes with SF2/ASF in the nucleus. A549 cells infected or mock infected with H9N2-WT viruses at an MOI of 5 were fixed at 6 hr post-infection, followed by IF with α-SF2/ASF (red) and α-NS1 (green). Images were acquired by confocal microscopy. Scale bar, 10 μm. 
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Suppleme ntary Figure 4. (a) SF2-NEP ESE binding is a universal mechanis m among influenza A viruses.
(Upper Panel) RNA probes spanning putative ESE motifs from various strains, as indicated, were shifted by SF2ΔRS in RNA EMSA. (Lower Panel) Sequences of RNA probes for different influenza A virus strains. Putative ESE motifs in the different strains were predicted using the SF2/ASF matrix of the ESEfinder program, with a threshold of 1.956, and are marked in red (highest SF2-ESE motif score) or underlined (lower SF2-ESE motif score, if applicable). The scores are listed. (b) NS mRNA and SF2/ASF co-localize in the nucleus. A549 cells infected with H9N2-WT viruses at an MOI of 5 were fixed at 8 hr post-infection. Co-localization of NS mRNA (green) and SF2/ASF (endogenous, red) was analyzed by sequential immunofluorescence (IF) with α-SF2/ASF and fluorescence in situ hybridization (FISH) with RNA probes against NS mRNA. Images were captured using a wide field microscope. Scale bar, 10 μm. Figure 5 . (a) NS1-R38A/K41A mutant cannot interact with SF2. Whole cell lysates of HEK293T cells transfected with FLAG-SF2 or FLAG-SF2-F162S/V163R, together with V5-NS1, V5-NS1-R38A, V5-NS1-K41A or V5-NS1-R38A/K41A were subjected to IP with α-V5, followed by immunoblotting with Abs against FLAG, V5 and α-tubulin. (b) K172E does not affect the interaction between SF2 and NS1. Whole cell lysates of HEK293T cells transfected with FLAG-SF2 and V5-NS1, V5-NS1-K172E or V5-NS1-R38A/ K41A (38/41A) were subjected to IP with α-V5, followed by IB with Abs against FLAG and V5. (c) Subcellular localization of the BiFC NS1-SF2 complex. HEK293T cells were transfected with NS1-NG/SF2-CG or NG/CG combinations of plasmids for BiFC. Cells were fixed at 24 hr post-transfection and stained with DAPI. Images were acquired by confocal microscopy. Scale bar, 10 μm. (d) NS1 co-localizes with SF2/ASF in the nucleus. A549 cells infected or mock infected with H9N2-WT viruses at an MOI of 5 were fixed at 6 hr post-infection, followed by IF with α-SF2/ASF (red) and α-NS1 (green). Images were acquired by confocal microscopy. Scale bar, 10 μm. 
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